Correlated responses in whole-body composition were determined in 12-wk-old male mice from replicate lines selected for 12 generations for high (HF) or low (L.Fl epididymal fat pad weight as a percentage of body weight WID) and high (Ha) or low (LL) hind carcass weight as a percentage of body weight. The HF and LF lines diverged (P < .01) in body fat percentage (FAT) and subcutaneous depot fat by 93 and 71%, respectively, of the control line (RC) mean. WID increased (P < .01) proportionately more than FAT in the HF line; EPID decreased (P < .01) proportionately less than FAT in LF. Protein, fat and water as a percentage of empty body weight showed negative correlated responses (P < .01) due to selection for EPJD, but lean body mass, body weight and body length had positive correlated responses (P < .01). Correlated responses of fat-free protein and ash percentage were minor. Correlated responses in HL and LL were the mirror images of those in HF and LF, but they generally were of smaller magnitude. The results indicate that, although there are high positive genetic correlations between fat depots in mice, local control of lipogenesis and(or) lipolysis exists at different sites of fat deposition. Further, the lack of correlated responses in fat-free percentage of protein (and percentage of ash) suggests that additive genetic variances are low for these traits and(0r) the genetic comelations of these traits with the selection criteria are low. The livestock industry is making strides toward reducing carcass fat in response to marketing and consumer demands (Topel and Kauffman, 1988 
against specific hormones and genetic selection (Speer, 1988; Eisen, 1989) . Of these, only selection has a permanent effect on a population.
The mouse has proven useful as a model system to study direct and correlated responses to selection for body composition traits (see review by Eisen, 1989) . Obtaining a suitable predictor of body composition is important in a research program designed to modify or monitor fat and lean tissue percentage (Topel and Kauffman, 1988) . In the mouse, several selection studies have been based on indicator traits of whole-body composition in order to reduce the cost and time involved in doing complete chemical analysis of the carcass (McLeUan and Frahm, 1973; Sharp et al., 1984; Eisen, 1987a) . The objective of the present study was to determine the outcome of selection for two different indicator traits on body composition in mice.
EXSEN AND corny

Materials and Methods
Mice used in this study were from the following replicate lines: HF1, HF2 and LFI, LF2 selected respectively for high and low right epididymal fat pad weight as a percentage of body weight (EPID); HLI, HL2 and LL1, LL2 selected respectively for high and low hind carcass weight as a percentage of body weight (HC); and RCl, RC2 selected randomly. Omission of the replicate number will indicate pooling of replicates. Selection was conducted on 12-wk-old male mice.
EPID was used as an indicator of body fat percentage. Advantages of EPID are a high positive phenotypic correlation with total fat content (Rogers and Webb, 1980; Eisen and Leatherwood, 1976 ) and ease of dissection on a large number of mice (Eisen and Roberts, 1981) . HC was used as an indirect measure of lean tissue content (Bhuvanakumar et al., 1985) . Further details of the selection experiment are given elsewhere pisen, 1987a,b).
In generation 12 of selection, 20 males were chosen randomly from each replicate selection treatment. The males were weaned at 3 wk of age, housed four to a cage, and given ad libitum access to Purina Laboratory Chow 50014. When the mice reached 12 wk of age, body weight and length were recorded, and mice were killed by cervical dislocation. The right epididymal and right hindlimb subcutaneous fat pads were excised, weighed and placed in the body cavity. Empty body weight was determined after flushing the gut contents. Mice were stored at -18'C until they were analyzed for chemical composition.
Mice were removed from the freezer and lyophilized for 48 h and dry body weight was recorded. Water weight was calculated as the difference between empty and dry body weight. Carcasses were ground following the method of Eisen and Leatherwood (1976) . Fat was determined by ether extract (AOAC, 1984) . protein by using a Kjeltec Auto Analyzers, and ash by heating a sample in an ashing furnace at 6 W C (AOAC, 1984 
Resuits
Least squares means of measurements on 12-wk-old male mice in generation 12 of selection are in Table 1 by selection treatment p l e d across replicates; linear contrasts are given in Table 2 AS a fraction of MI body weight.
'ks a fraction of empty body weight.
lean body mass despite being fatter than LF mice. Asymmetric responses were found for body length, ASH, ASH-FF and PROT/ASH, Although the increases in E P I D and FAT in the HF line were about twice as large as the decreases for these traits in the LF line, asymmetry was not significant (P > .05).
Previous reports have shown significant asymmetry for WID in these lines (Eisen, 1987% Prasetyo and Eisen, 1989 -body m s . g 2.4 f .9* 1.4 f 1.6 -3.0 f .9* 1.2 f 1.6 aReplicate x selection treatment mean square (ctr = 4) was used as the error term. *P < .05. **P < .01.
(all (P < .01). All correlations between indicator traits of adiposity were significant (P (1987a,b) , the ratios were calculated as 3.07, 2.23 and 1.75 in the HF, RC and LF lines, respectively. These results imply that whereas there are high positive genetic correlations between fat depots, in mice there is local control of lipogenesis and(or) lipolysis at different sites of fat deposition. Kempster and Evans (1979) found that leaner strains of pigs had a lower subcutaneous to intermuscular fat ratio at constant total fat weight. The change in this ratio may be the result of greater selection pressure against subcutaneous fat, generally the only measurement of overall fatness taken in selected strains. Jones et al. (1980) and Rook et al.
(1987) also found genetic effects on the partitioning of fat in pigs. In contrast, Wood et al. (1983) found no evidence that selection in pigs for an index that included low backfat thickness caused relocation of body fat from subcutaneous to other sites in the body, but only a small reduction in total fat was achieved by selection. Selection for high and low abdominal fat in chickens produced a greater response in abdominal triglycerides than in total triglycerides, suggesting local control of fat deposition at different sites in chickens (Leclercq et al., 1989) .
The mechanism of local control of fat synthesis, suggested by the results of selection for high or low fat content in mice and pigs, remains to be determined. In a fat line of chickens, in vitro sensitivity to lipolytic activity of glucagon is lower in abdominal adipocytes than in subcutaneous adipocytes, suggesting that the higher abdominal fat proportion is due partly to reduced lipolysis (Leclercq et al., 1988) .
Lean body mass was greater in HF than LF; this result was a consequence of the positive correlated response in growth rate. In contrast, in another selection experiment for high and low EPID, no changes were found in lean body mass (Bishop and Hill, 1985; Hastings and Hill, 1989 (Fowler, 1958; Timon et al., 1970) and feed efficiency in rats (Palmer et al., 1946 ) also failed to change percentage of protein on a fat-free basis. Thus, it is very difficult to change fat-free percentage of protein and percentage of ash of the body by the selection criteria cited, suggesting that additive genetic variances may be relatively low for these traits and(or) that the genetic correlations of these traits with the selection criteria are low.
Correlated responses in the HL and LL lines were the mirror images of those observed in HF and LF, except that they generally were of a lower magnitude. This finding is not surprising because of the high negative genetic correlation between WID and HC (Eisen, 1987a; Eisen and Prasetyo, 1988) .
The phenotypic correlation between FAT and WAT exceeded that between FAT and EPID or between FAT and SUBC. Hastings and Hill (1989) also obtained a high correlation between total body fat and percentage of dry body weight, the complement of percentage of water, and concluded that percentage of dry weight would be superior to EPID as an indicator trait for fat. This procedure would avoid the problem of selecting for a fraction of total fat and possibly causing a redistribution of fat. An alternative approach would be to select using a noninvasive method of determining total body fat such as total body electrical conductivity (Bracco et al., 1983) or bioelectrical impedance analysis ( Lukaski et al., 1986) .
Implications
Fat content can be changed readily by selection for indicator traits. However, it is difficult to change fat-free protein and ash percentages by selection for fat or lean tissue percentage. If the indicator trait is based on a fraction of total fat, then total body fat should be evaluated periodically to be certain that indirect selection remains efficient in later cycles of selection. Many of the genetic loci that control lipogenesis and(or) lipolysis operate across a l l fat depots. However, in mice there also is local control of lipogenesis and(or) lipolysis at the different sites of fat deposition.
